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Abstract
This study investigated the location, 
habitat preferences, and diel movements 
of burbot (lota lota) and salmonids in a 
small tributary stream in late spring, early 
summer. The research provides base-line 
information on fish distribution prior to the 
replacement of a culvert and reconnection 
of upstream reaches. The tributary was 
divided into six 100-meter reaches using 
blocker nets and data was collected 
using mark-recapture and electrofishing 
techniques. The community was dominated 
by coho (Oncorhynchus kisutch) 
and chinook salmon (Oncorhynchus 
tshawytscha), rainbow trout (Salmo 
gairdneri), northern mottled sculpin 
(Cottus bairdii bairdii), brook lamprey 
(Ichthyomyzon fosser), and the burbot. 
Salmonids favored undercut banks during 
the day (p=0.014) and woody debris at 
night (p=0.017, ANOVA). Substrate was 
dominated by sand thus the bulk of aquatic 
macroinvertebrate production was likely 
occurring on large woody debris—the 
area preferred by the fish at dusk and 
at night. In addition, water depth was 
positively correlated to fish density (R2 = 
0.73; p=0.031, step-wise MLR). Like the 
salmonids, burbot preferred undercut banks 
and abundance appeared to increase at 
night—a pattern observed in all major fish 
species with the exception of the chinook 
salmon, although trends were not significant 
for any species. The majority of captured 
fish were juvenile, and we hypothesize that 
at these early life-history stages, the fish are 
moving into the tributary system at dusk 
to avoid predation pressure in the main 
channel. The coho population decreased 
through time (p=0.034) while rainbow 
trout YOY increased (p=0.039). There was 
no recapture of fin-clipped rainbow trout 
(year one plus) indicating a high degree of 
turnover with the main channel, likely as a 
result of the culvert. 
Introduction
Much research has been done on the 
topic of fish migration, particularly in 
regards to spring spawning patterns 
(Soloman and Templeton 1976; Young 
1994, 1996). In addition, focus is 
often placed on larger river systems. 
However, there are countless smaller 
stream systems that have an important 
ecological role (White 2003; Schrank 
and Rahel 2004), including low-order 
tributaries. Both main channel and 
tributary systems represent viable habitat 
that fish can potentially select. The main 
channel may be a necessary habitat 
from a feeding standpoint (Shrank 
and Rahel 2004) but also typically has 
higher velocities and may contain more 
competitors or potential predators than 
a smaller tributary system. As such, 
tributary streams represent a potentially 
important area of refuge that maintains 
often slower velocities and cooler 
temperatures (Osborne and Wiley 
1992). The salmonids investigated by 
Kahler et al. (2001) showed preference 
for pools. An advantage of greater 
depth is protection provided from 
avian predation (Kahler 2001), in 
addition to cooler temperatures. Kruzic 
et al. (2001) also noted that there is 
increased mortality in riffles versus 
pools. Therefore, the main channel has 
its benefits in regards to feeding but the 
tributary should also be a highly sought 
after habitat due to the advantages its 
pools confer via reduced velocities and 
cooler temperatures.
It has been shown that salmonids 
existing in even small streams are 
migratory in order to find spawning 
sites (Soloman and Templeton 1976; 
Young 1994, 1996). After spring 
spawning, salmonids stop extensive 
movement when an appropriate summer 
habitat is located (Schrank and Rahel 
2004). The fish do continue to travel, 
but at reduced distances, as indicated by 
research done with Bonneville cutthroat 
trout (Schrank and Rahel 2004) and 
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other studies that have detected such 
a pattern for salmonids (Swanberg 
1997; Hilderbrand and Kershner 2000; 
Schmetterling 2001). The amount of 
movement is generally dependent on 
the location of food and proper habitat 
(Schrank and Rahel 2004; Schlosser 
1995). Theoretically, an organism will 
only travel as far as necessary in order to 
obtain resources because any additional, 
avoidable movement will result in 
wasted energy. In a study conducted 
by Shrank and Rahel (2004) it was 
determined that the trout often moved 
less than 0.5 kilometers. 
Diel patterns of fish movement 
are driven mainly by the intensity of 
sunlight, although no fish are strictly 
nocturnal or diurnal (Railsback et al. 
2005). Fish are primarily visual creatures 
and thus have the most success feeding 
in daylight. It has been estimated that 
nighttime feeding efficiencies are less 
than 35% of that during the daytime 
(Fraser and Metcalfe 1997). Thus, 
salmonids tend to feed during the day 
and hide at night (e.g., Young et al. 
1997, Bradford and Higgins 2001). 
Dawn and dusk are also significant 
in that there is sufficient sunlight for 
foraging yet a degree of encroaching 
darkness that aids in protection from 
predators (Alanara et al. 2001). For 
example, mottled sculpin (Cottus bairdi) 
foraging reaches its peak intensity 
at dusk (Becker 2001). The choice 
between day and night-time foraging 
is based upon the fact that during the 
day prey is easier to see, yet the forager 
itself is also easily seen by potential 
predators (Metcalfe et al. 1999). It is 
also important to note that this tradeoff 
is weighed differently depending on the 
age-class of the fish. It has been observed 
that adult salmonids feed less frequently 
during the day than juveniles (e.g., 
Gries and Juanes 1998, Bradford and 
Higgins 2001). One possible explanation 
for this is the need for juvenile fish 
to gain sufficient resources to grow in 
preparation for the winter months and 
particularly for those who are preparing 
to migrate (Railback et al. 2005). Thus, 
the need to increase in size in the hopes 
of reaching the pinnacle of sexual 
maturity may very well outweigh the 
desire to strictly avoid predation. 
Habitat is clearly a determining 
factor in where an organism chooses to 
reside. It is important to note however 
that the utility of a specific habitat 
can fluctuate based on the time of day 
or year, and the activity the animal is 
performing. Heggenes et al. (1999) and 
Hiscock et al. (2002) made observations 
of salmonids that suggest the fish 
use different habitats for feeding and 
hiding. The features of a habitat will 
often determine when during a 24-
hour time period it is utilized by a fish 
species (Bradford and Higgins 2001). 
For example, it has been observed that 
habitats with lower depths and velocities 
are used primarily by salmonids 
for nighttime feeding as opposed to 
daytime feeding (Harwood et al. 2001; 
Jakober et al. 2000; Valdimarsson and 
Metcalfe 1999). In addition, levels of 
competition can also vary on a diel basis 
(Valdimarsson and Metcalfe 2000). At 
night there is no benefit for an organism 
to defend the same-sized territory that 
it does during the day for such an 
expanse cannot be utilized due to the 
diminished feeding efficiency at dark 
(Railsback et al. 2005). Naturally then, it 
has been observed that at night there is 
often a higher local density of organisms 
(Valdimarsson and Metcalfe 2000). 
Movement patterns seen by fish may 
very well differ between species, size, 
and age. Burbot are a particular fish of 
interest because of limited distribution 
and population size, and this species is 
shown to be nocturnal in July through 
February while day-active March 
through early July (Paakkonen et al. 
2000). Thus, July is the transitional 
period and there is little difference 
between day and night activity 
(Paakkonen et al. 2000). Juvenile burbot 
shelter during the day under rocks, 
weeds, and under cut banks (Robins 
and Deubler 1955; Hanson and Qudri 
1980). Thus, this age class may be more 
nocturnal than the adults. It is also 
of note that in northern rivers burbot 
often were found in main channels and 
seemed to thus prefer turbid waters 
(Chen 1969; Hatfield et al. 1972; 
Breeser et al. 1988). 
Discrepancies in movement patterns 
between age classes also exist in 
salmonids. Smithson and Johnson 
(1999) noted that juvenile salmonids 
exhibit what is called “exploratory” 
movement in which they move more 
than once in all possible directions and 
return to the original location. Size 
can also influence movement patterns 
for larger fish. Larger salmonids, such 
as brown trout, have been shown 
to travel further distances (Clapp et 
al. 1990; Young 1994; Bunnell et al. 
1998), particularly downstream (Clapp 
et al. 1990; Behnke 1992; Bunnell et 
al. 1998). This is thought to be due to 
the abundance of small prey fishes that 
exist downstream that would provide 
food for larger piscivorous trout (Colyer 
2002). Upstream movement is also 
quite common (Kahler et al. 2001) thus 
making the presence of any upstream 
obstacle or impediment, such as a 
dam or perched culvert, a significant 
disruption to upstream movement. 
It is the aim of this project to 
investigate the movement patterns 
of salmonids, primarily rainbow 
trout (Salmo gairdneri), coho salmon 
(Oncorhynchus kisutch), and chinook 
salmon (Oncorhynchus tshawytscha), 
during their post-spawning/summer 
portion of their life history. The main 
focus will be to monitor diel patterns 
in relation to how these species move 
within a 750-meter segment of a 
tributary stream, and their exchange 
with the receiving river system. The 
tributary in question is very small 
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(1st order) and we hope to shed 
light on the ecological role of these 
often overlooked tributary channels. 
Attention will also be focused on 
burbot, a species of concern and a 
native resident. This is of interest from 
a conservation viewpoint given the 
narrow focus of this study on a tributary 
system. This study also calls into 
attention anthropogenic disturbances, 
as there is a perched road culvert at 
the upstream end of the segment being 
investigated. Objectives of this study 
are: 1) to investigate the location of 
fish, particularly salmonids and burbot, 
within the Sickle Creek tributary and 
their exchange with the main channel 
on a diel basis, 2) to conduct a mark 
and recapture study using the fin clip 
method on the rainbow trout to further 
understand movement patterns between 
the main channel and the tributary, and 
3) to provide base-line information on 
fish distribution prior to the replacement 
of the culvert and subsequent 
reconnection of the upstream portions 
of the tributary system. 
Methods
Research took place in twenty-four-
hour blocks with a sample being taken 
during the daytime and a repeated 
procedure at night. Sampling was 
conducted on June 2 and 3, June 24 
and 25, and July 8 and 9, 2005. The 
750-meter reach of the Sickle Creek 
tributary that was utilized for this 
study was divided into approximately 
100-meter reaches using blocker nets. 
Blocker nets (0.5 cm minnow seines) 
were used to isolate the reaches and 
were put into place during midday for 
the daytime samplings and just prior to 
dawn for the nighttime samplings.
Electrofishing was conducted in each 
reach using a backpack unit (AbP-3™ 
pulsed DC electrofishing backpack 
unit manufactured by the University 
of Wisconsin) following standard 
procedures as outlined in Reynolds 
(1983) and Nickum (1988). One-pass 
electrofishing was performed at a voltage 
of 250 watts, duty cycle of 35%, and 
frequency of 90 Hz. These settings 
remained relatively constant throughout 
the three sampling blocks. All captured 
fish were measured and identified and 
released to the appropriate stream 
reach as soon as possible. The nets 
were then removed. Just prior to dawn 
the following morning nets were again 
placed at the boundaries of each reach 
to prohibit the passage of fish. Once 
enough daylight was present, each 
individual reach was again electrofished 
in the same manner as the previous day. 
The first collection on June 2, 2005 
also entailed clipping the left pectoral fin 
of all rainbow trout collected that were 
over 10 cm in length. This procedure 
allowed us to monitor the exchange 
patterns between the tributary and main 
channel of the age-I rainbow trout. 
Data collected was analyzed using both 
presence/absence and abundance data 
to determine diel movement patterns. 
In addition, catch per unit area was 
quantified for each electrofishing reach, 
data for each reach sampled was pooled 
among sample dates, and statistical 
comparisons were conducted using 
analysis of variance (ANOVA). 
Additional data also consisted of 
monitoring basic chemical and physical 
properties of the reaches. Measurements 
of velocity, depth, degree of right and 
left undercut banks, percent of large 
woody debris, and the classification of 
substrate were collected randomly fifty 
times in each reach. The measurements 
of pH, temperature, dissolved solids, and 
dissolved oxygen were taken close to the 
culvert during each of the three sampling 
periods, in addition to discharge data 
at the culvert and the mouth of the 
tributary. A Stepwise multiple linear 
regression (MLR) analysis was conducted 
to compare the physical data of each 
reach to the combined quantity of fish 
collected in that reach for both day and 
night-time samples. This allowed us to 
determine which physical parameters 
had the most influence on where the fish 
were located within the tributary and if 
habitat requirements changed on a diel 
basis. No reference species were collected 
for this study. 
Site Description
The study system is located in the 
northwestern region of the lower 
peninsula of Michigan. Sickle Creek is 
a part of the Manistee River watershed 
and flows south into the Manistee 
River. It is relatively small (1st order) 
and has a low water velocity that can 
rapidly increase at times of heavy rain. 
Riparian woody vegetation consists of 
white cedar, American basswood, maple, 
poison ivy, and willow, in addition to 
dense coverage of herbaceous species, 
particularly in the open meadow 
reaches. This vegetation provides canopy 
cover at a magnitude of approximately 
80% and also contributes to moderate 
woody debris within the tributary. The 
substrate is primarily sand and silt with 
occasional areas of pebble and gravel.
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Results
All taxa combined
With all fish taxa combined, water 
depth appeared to be the only variable 
with a strong positive correlation to fish 
abundance (r2=0.73, p=0.03; step-wise 
multiple linear regression) (Table 1). 
Tukey’s post-hoc multiple comparison 
test (ANOVA) was utilized to determine 
by what degree the reaches differed from 
each other in relation to depth. This 
analysis revealed that only reaches 3 and 
5 were significantly different from each 
other (p=0.084). 
Salmonids
An analysis using combined day and 
night abundances revealed that depth 
was the most significant physical 
parameter (r2=0.76, p=0.023) (Table 1). 
However, the nighttime distributions 
indicated that large woody debris (LWD) 
was preferred (r2=0.79, p=0.017) (Table 
1). The daytime analysis showed that the 
degree of undercut banks was the most 
influential physical parameter (r2=0.81, 
p=0.014) (Table 1). In both the night 
and day-time analyses, including depth 
as a second independent variable greatly 
strengthened the predictive power of the 
model (Table 1). 
Individual fish taxa
When analyzed separately, coho salmon 
abundance was positively correlated to 
water depth (r2=0.73, p=0.031) (Table 
1), burbot preferred undercut banks 
(r2=0.92, p=0.01) (Table 1), the Chinook 
salmon and mottled sculpin revealed no 
significant preference, and all rainbow 
trout (regardless of size class or day/
night) preferred large woody debris. 
A correlation was run comparing the 
physical parameters to each species/m2 
in addition to the total fish/m2 (Table 2).
Diel summer movement patterns of fish in Sickle Creek, Manistee County, Michigan
Table 1. Summary of step-wise multiple linear regression comparing fish densities (all sampling periods combined) to physical habitat data
Table 2. Significant rank correlation values (p > 0.733) between physical habitat data and fish densities 
(all sampling periods combined)
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Diel patterns in fish abundance (all taxa 
combined)
The data obtained in each of the three 
sampling blocks (Table A, Appendix) 
were averaged to generate a mean value 
representing the number of fish/m2 
caught during the day vs. night in each 
reach (Figure 1). 
Although results of this analysis 
indicated no significant differences, there 
was a trend particularly in reaches 1 
and 5 for the nighttime abundance to 
increase relative to the daytime sample. 
There is also a marginal increase at night 
in reaches 4 and 6. This is supported by 
the fact that all but one of the major fish 
species found within the Sickle Creek 
tributary increased in number from day 
to night (Figure 2). 
Percentages of increase ranged from 
114.3% (rainbow trout) to 146.2% 
(northern brook lamprey). The Chinook 
salmon population decreased by 67.3% 
and was the only species to decline 
in number from day to night. These 
patterns can be seen for specific reaches 
for both chinook, coho (Figure 3) and 
rainbow trout (Figure 4). 
Burbot
Burbot abundance appeared to increase 
at night on average by 120% (Figure 2). 
Overall, however, the number of burbot 
captured in all reaches decreased by 
81.7% from the first sampling date in 
early June to the last sample collected in 
early July. The extent of undercut banks 
was the most important physical habitat 
characteristic positively correlated to 
burbot densities (r2=0.92, p=0.01; day 
and night included in analysis) (Table 1). 
Similarly, a correlation analysis indicated 
that the burbot density was strongly 
correlated to both undercut banks (0.92) 
and depth (0.83) (Table 2). 
Rainbow trout
The dominant fish species, based on 
size, in the tributary were the rainbow 
trout and these were fin-clipped 
to further understand movement 
patterns between the main channel 
and the Sickle Creek tributary. In the 
initial daytime sampling period seven 
rainbow trout were caught and fin-
clipped. The lengths of these fish were 
9.6, 11.2, 12.2, 12.5, 13.0, 16.0, and 
16.5 cm, respectively. The subsequent 
nighttime sampling period resulted in 
a catch of 3 of these fin-clipped fish. 
None were captured in the following 
two sampling times. 
Abundance of young of the year 
(YOY) rainbow trout increased 
significantly as the summer progressed 
in both the day and night samples. 
The bulk of these were located in the 
reaches closest to the mouth (reaches 
1 and 2) (Figure 4). As with the other 
fish species, there was a nonsignificant 
trend for more YOY rainbow trout to be 
caught at night vs. day. LWD was the 
preferred habitat type for this age class 
of rainbow trout (r2=0.85, p=0.034; 
regression analysis) (Table 1). 
YOY sculpin were collected, but only 
in the third sampling period. Eleven 
were found during the daytime sampling 
(average size of 1.5 cm) and 60 were 
found during the nighttime sampling 
(average size of 1.4 cm). Their size 
suggests that they are roughly 3-4 weeks 
of age (Becker 2001). 
Discussion
One of the primary focuses of this study 
was to determine if diel movement 
occurs between the tributary and the 
main channel of the Manistee River. 
While the trends vary somewhat 
Figure 1. Average # of fish/m2 in Sickle Creek
Figure 2. % change in abundances of major species from daytime to nighttime samplings. 
Three sampling periods combined.
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depending on the species, overall the 
data reveals no significant statistical 
evidence of diel fish movement in 
and out of the tributary. However, it is 
certainly intriguing to note that the data 
suggests a variation in habitat selection 
according to the time of day. This has 
been suggested by Heggenes et al. 
(1999) and Hiscock et al. (2002) who 
recognized that salmonids use different 
habitat for different activites. Railsback 
et al. (2005) developed a theory for 
diel activity and habitat use based upon 
this observation and others. This study 
differs from previous studies in that 
a much smaller study stream is being 
utilized (average width of 2.1 meters); 
and these sorts of first-order tributaries 
are often overlooked. The presence of 
the culvert reflects fish behavior in light 
of anthropogenic influences. In addition, 
exchange with the main channel on a 
diel basis was also studied. 
A separate analysis was performed on 
only the salmonids (both YOY and year 
one). This was done because it is these 
species that have proven to be the most 
mobile (Swanberg 1997; Hilderbrand 
and Kershner 2000; Schmetterling 2001; 
Shrank and Rahel 2002; Becker 2001) 
and will thus be most likely to reveal 
movement patterns. Even though this 
study was conducted on a first order 
tributary stream, we hypothesized that 
there could be significant movement 
given that Shrank and Rahel (2001) 
found that trout movement was 
generally confined to 0.5 km. The 
portion of Sickle Creek examined in 
this study was 0.75 km. Burbot, while a 
major species, was analyzed separately 
in order to focus on this less understood 
group individually. The mottled sculpin 
is a benthic species (Hubbs and Lagler 
2004) with limited migration. 
The stepwise multiple linear regression 
analysis of the salmonids demonstrate 
that during the day these fish are 
choosing habitat based on the degree 
of undercut banks, while during the 
night it is the presence of large woody 
debris that encourages the fish to reside 
in a specific habitat. The analysis also 
reveals that depth is the second most 
influential habitat parameter during both 
the day and night. This is logical given 
the size class of the fish that composes 
the majority of this group—namely 
YOY. During the day it would be natural 
for these small fry to seek protection 
conferred by the undercut banks from 
terrestrial and aquatic predators. In 
addition, it is also possible that the 
undercut banks offer slightly cooler 
temperatures given the lack of direct sun 
exposure. However, this pattern shifted to 
a preference for LWD at night or at dusk, 
which was included in the nighttime 
sampling, when the fish are more likely 
to be foraging (Alanara et al. 2001). 
Rainbow trout are most active at times of 
low light, such as dusk (Becker 2001). 
Both the coho salmon and rainbow trout 
feed on aquatic invertebrates (Hubbs 
and Lagler 2004), which are often 
concentrated on woody debris especially 
in systems that are dominated by sand, 
as is the case in Sickle Creek. The young 
chinook salmon, on the other hand, 
feeds primarily on plankton (Hubbs and 
Lagler 2004). In this case, it is likely that 
these fish are able to feed more efficiently 
in the open channel (where the woody 
debris is mostly located), for velocities 
are higher here than in the undercut 
banks. Therefore, the higher velocities 
would provide a greater abundance of 
planktonic organisms than the more 
Figure 3. Abundances of Chinook and Coho salmon on June 2 (day) and June 3 (night)
Figure 4. Average density of YOY Rainbow trout. Three sampling periods combined.
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stagnant waters found under the banks. 
In addition, these fish may be utilizing 
woody debris as foraging areas for the 
protective benefits the debris may be 
conferring.
In the analyses with all fish taxa 
combined and also with coho 
salmon alone, depth was the primary 
determinant of fish location. This is 
supported by Kahler et al. (2001) who 
noted that depth was a significant 
factor motivating salmonid movement. 
However, it is interesting to note that in 
the analyses of rainbow trout, it was the 
percentage of woody debris that proved 
the most significant, at least at night, 
regardless of size class. Regardless, the 
trout are most likely using the woody 
debris as feeding sites for invertebrates 
at dusk/night. During the day the 
inconclusive results demonstrate that 
the rainbow trout are likely tending to 
other survival tasks, such as hiding from 
predators or locating areas of cooler 
temperatures. These results suggest 
that the salmonids are changing habitat 
preferences on a diel basis. 
In the fin-clip analysis using the larger 
rainbow trout, the fact that only 3 of 
the 7 fin-clipped fish were re-captured 
in the subsequent sampling period and 
then none in the next two sampling 
times suggests that the older age classes 
are using the tributary only temporarily. 
These larger trout are most likely 
residing in the tributary for short time 
periods for feeding, cooler temperatures, 
and/or refuge from the larger predators 
and faster velocities in the main channel 
and then returning back to the Manistee 
River. The fish might be migrating back 
out into the larger main channel due to 
the feeding opportunities these systems 
present. It has been shown by Shrank 
and Rahel (2004) that the main channel 
is an important habitat from a feeding 
standpoint. In addition, movement 
down the Manistee River may be 
motivated by the greater abundance of 
small prey fishes existing in downstream 
habitats (Colver 2002). However, it is 
interesting to notice that reach 6, which 
is furthest from the main channel, had 
the greatest abundance of the year-one
rainbow trout. This is supported by 
Kahler et al. (2001) who suggests 
that upstream movement is also quite 
common. Therefore, the presence of the 
culvert restricted this pattern and may 
be a factor in the returning of these fish 
to the main channel. 
The year-one rainbow trout are not 
the only fish that appear to exchange 
with the main channel to some degree. 
Although not statistically significant, 
trends suggest that YOY rainbow 
trout utilize the lower reaches at night 
(Figure 4). There is a slight increase in 
the number of YOY rainbow trout at 
night versus the daytime abundances. 
These fish have a strong affinity for 
downstream movement (Becker 2001), 
and thus may be using the tributary as 
refuge from larger predators and higher 
velocities in the main channel and 
feeding opportunities (as suggested by 
their habitat selection of woody debris). 
It is a reasonable trend for more fish 
to be found in the nighttime sampling 
because they may be escaping the 
predators feeding at dusk in the main 
channel, with an added benefit of being 
able to feed themselves in the tributary. 
These fish were found mainly in the 
lower reaches (1-3), which were also 
the reaches with the highest amount of 
woody debris (Table 3), and presumably 
an ample supply of macroinvertebrates. 
These reaches are also the closest in 
proximity to the main channel, and thus 
may be found most concentrated here 
for that reason alone. 
The regression analysis of the coho 
salmon revealed that depth is the 
major determinant of the location of 
this species (p=0.031). Taylor (1991) 
noted that coho salmon use pools to a 
greater extent than their counterpart, 
the chinook salmon. In this study, the 
chinook salmon showed no significant 
preference for a habitat parameter. 
Taylor (1991) suggested that in streams 
where both coexist, such as Sickle 
Creek, the chinook is dominated by 
the coho and thus does not always 
have access to its favored habitat. The 
chinook salmon prefer areas of greater 
depth, and always are often found in 
riffles regardless of the presence of coho 
(Taylor 1991). It has been suggested 
that these two species have genetic 
differences that result in the selection 
of different habitats (Taylor 1991), a 
divergence that is certainly beneficial to 
both. Regardless, it was noted by Taylor 
that greater chinook emigration took 
place when coho were present. This was 
also observed in the first sampling block 
of this study. While the change in the 
number of either chinook or coho from 
day to night was statistically significant, 
a trend existed in which the number of 
coho increased in the tributary at night 
while the number of chinook decreased 
Table 3. Physical habitat data for Sickle Creek
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(Appendix, Table B). This could be 
due to different habitat requirements 
or the fact that coho do indeed out-
compete the chinook (Taylor 1991). 
Again, this trend was only noted in the 
first sampling block, which could be a 
result of the declining numbers of the 
coho salmon from the first to the third 
sampling period. The number of coho 
decreased during both the daytime 
samplings (p=0.034) and nighttime 
samplings (p=0.005) (Appendix, 
Table B). The reasons for this are 
somewhat unclear given that these fish 
are age-0. Coho of this age are known 
to spend the first year of their life in 
the tributary in which their parents 
spawned (Becker 2001). However, these 
fish appear to be leaving the tributary, 
likely their natal stream, and migrating 
into the more dangerous Manistee River. 
Becker (2001) noted that coho travel up 
a tributary as far as physically possible, 
and perhaps the sudden blockage 
produced by the culvert is causing these 
fish to emigrate. 
The coho salmon and, as mentioned 
earlier the rainbow trout parr, are not 
the only species to display significant 
fluctuations in population size through 
time. The analysis of burbot revealed 
that for the daytime samplings 
abundance increased from the first to 
the third sampling period. All of the 
burbot captured in this study were 
juveniles who often shelter during the 
day (Robins and Deubler 1955; Hanson 
and Qudri 1980), as supported by the 
fact that the regression analysis revealed 
that undercut banks were the major 
determining factor in where the burbot 
were locating. Therefore, it could be 
presumed that they are more nocturnal 
creatures and thus are moving into the 
tributary at night. The inconclusive 
results could also be a result of the 
transitional time period between 
nocturnal and diurnal behavior, which 
occurs in early July (Paakkonen et al. 
2000). This shift in behavioral patterns 
could also be the reason why less burbot 
were captured overall from sampling 
block one to three.
 
Limitations
Limitations of this study include the 
bias inherent in electrofishing and 
variation in capture efficiency from 
reach to reach. For example, netting 
efficiency was compromised in areas of 
dense woody debris and overhanging 
riparian vegetation that decreased 
visibility of the water. 
Conclusion
In conclusion, this study provides 
support for the claim that tributaries are 
an important habitat within the river 
system. They provide important areas 
of refuge and feeding for small fry, who 
made up the majority of the fish present. 
In accordance with Southwood’s habitat 
template theory (1977) this study 
supports the importance of habitat on 
species distribution and demonstrates 
that habitat selection varies according 
to species, life-history stage, and time 
of day. In this study, we found that 
habitat suitable for hiding was being 
utilized during the daylight hours while 
foraging habitats were sought during 
the dusk/night hours. Interestingly 
velocity, often considered an important 
habitat variable, seemingly did not have 
a noticeable impact on habitat selection, 
despite the fact that significant variation 
in average velocity existed from reach 
to reach. The equations generated using 
the MLR (Appendix, Table C) allow 
for predictions of fish abundance to 
be made as depth, degree of undercut 
banks, and amount of LWD vary. These 
equations could only be used for a 
stream of similar size and in a similar 
location as Sickle Creek, yet could 
certainly be useful in the planning of 
developments around such systems. 
The presence of the perched culvert 
seemed to prevent upstream movement 
of species that have a tendency to do 
so and thus may be a factor in the 
returning of these fish to the main 
channel. A future study that would 
certainly address this would be one 
either on Sickle Creek after the culvert is 
removed, or in a study stream similar to 
that of Sickle Creek that lacks a culvert. 
While the culvert impedes further 
movement of the fish upstream, the 
tributary is still serving as an important 
habitat for the younger life-history stages 
of salmonids and burbot.
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